The symmetrical baroclinic instability flow between two concentric rotating spheres is investigated experimentally. The appearance and the size of this instability are examined by their dependence on a wide range of the Reynolds number (Re ≤1200) in one hand and on the aspect ratios Г=H/d (14.4 ≤Г≤18.5) mm in the other hand. The obtained results allow presenting the evolution of Reynolds and Richardson number according the aspect ratio. It was found that the size and diameter of the baroclinic vortex depend strongly on the aspect ratio and the rotation velocity.
Introduction
The baroclinic instability is the result of a vertical shear related to the mean zonal wind that generates a meridional temperature gradient in the thermal equation of the wind. This instability manifests itself by small asymmetric zonal disturbances that are superimposed on the average flow and amplify by converting the potential energy of flow medium into kinetic energy (folowing Eady model). Figure 1 schematizes the mechanism of the appearance of baroclinic instability. For the first time, the study of this instability was undertaken by the linear analyzes the well-known flow well known baroclinic instability Charney [1] and Eady [2] . These authors solved the equation for potential vorticity in an approximation of quasi geostrophic idealized (perfect fluid). Roisin [3] and Pedlosky [4] studied the case of a quasi-geostrophic flow model in shallow water approximation. These authors have shown that potential vorticity is conserved over time. This work aims to experimentally explore the symmetrical baroclinic instability by visualization in the spherical Couette flow. The ultimate goal is the existence and occurring regimes of this instability. The results we obtained allow us to present the evolutions of the radius of gyration ρ * as a function of Reynolds Re and Richardson Ri numbers for different values of the aspect ratio Γ. 
Experimental conditions
The experimental setup apparatus consists of two concentric spheres made of transparent Plexiglas. The radial gap is d = R 2 − R 1 = 5 ± 0.2 mm. The outer sphere with radius R 2 = 50.0 mm is at rest, while the inner one with radius R 1 = 45.0 mm rotates about the common axis with an angular velocity Ω 1 (Fig.2) . A direct current engine drives this inner sphere with a speed varying between 0.01 and 3.01rev/s. An electronic captor with less than 0.01°C accuracy gives the temperature. The speed of transmission is by means of a gear ratio (1/30).
The basic working fluid is composed of 20% of Vaseline oil with 80% of ether petroleum. For the purpose of flow visualization, 0.3 % of aluminum flakes are added to the solution. The kinematic viscosity and density are, respectively, ν=5.43×10 −6 Pa s and ρ= 777.23 kg/m 3 measured at T = 20
• C. The visualization of regimes and structures associated with movement is performed by means of a photometric technique based on optical reflection and transmission (Fig. 3 ). 
Results and discussion
The main objective of this work is to study the conditions of occurrence of the symmetrical baroclinic instability between two coaxial spheres under the influence of Taylor number Ta, aspect ratios Γ and the angle of inclination α of the experimental device. The baroclinic instability is characterized by a distribution of density (ρ) depending on the pressure (P) and temperature (T), ρ = ρ (P, T). This implies that isobaric (constant pressure surfaces) present the temperature gradients.
We set the height of the fluid and for different values of the angle inclination of the device we vary the speed until the vortex symmetric instability is obtained. When the system is completely filled, we have observed no vortex characterizing baroclinic instability whatever the inclination. Then we started to withdraw fluid from the device to observe the appearance of the first vortex which manifests itself at Γ=18.5.
This flow can be characterized by two control-parameters: Reynolds number Re is the ratio between the inertial forces and viscous forces ⁄ and Richardson number Ri which represents the ratio between the gravitation a potential energy of a particle of fluid and its kinetic energy ( )
All experiments were performed at a Richardson number Ri corresponding to the interval 0.22 ≤ Ri ≤ 0.6. The case is symmetrical baroclinic instability according to the stability diagram of P.H.Stone [5] . The gradual increase in the rotational speed of the inner sphere causes an increase in the size of the symmetrical instability. Also, it is noted that for the degree of filling Γ =14.4 and 15 the radius of gyration increases with the angle of inclinationα. By contrast, in the case of Γ= 18, there is a reverse situation that is to say, the radius of gyration decreases as the angle of inclinationα believes. 
Figure 7: Evolution of the radius of gyration ρ * as a function of Richardson number Ri for different angles of inclination and aspect ratios Γ=14.4, Γ=16, Γ=17 and Γ=18.
We find that for any value of Γ given, when we increase the angle of inclinationα, the number of Richardson Ri decreases. We find that for the same tilt angle α and for increasing filling rates Γ, the values of the Richardson number become larger.
Concluding remarks
The experimental study has offered the opportunity to observe the appearance of symmetrical baroclinic instability character 0.22≤Ri≤0.6 and follow its evolution in relation to the rotational speed of the inner sphere. We also found that baroclinic instability exhibits an aspect ratio Гvaries between 14.4 and 18.5. The photometric processing of images provided by the visualization method also allowed representing the evolution of the size and the dynamic characteristics of the vortex depending on the Reynolds and Richardson numbers.
